Background: The Bangladesh Bureau of Statistics (BBS) has been conducting nutrition surveys of young children at 2-3-y intervals since 1985. However, data on malnutrition determined on the basis of weight-for-age and height-for-age in different surveys are inconsistent. Objective: The aim of this study was to investigate the reasons for inconsistencies in the findings of these surveys. Design: Although the regular personnel of the BBS collected data on anthropometry and age in the previous surveys, 1995-1996 data were collected by locally recruited workers. Data on 100 children included in the 1995-1996 survey were also independently collected by BBS personnel. A comparison of the data from these 2 sources and the inconsistencies therein form the basis of this study. Results: The average difference between the 2 sources (bias) was found to be Ϸ1.8 mo for age and 0.13 cm for midupper arm circumference. Differences in weight and height were negligible; however, random error was found to be substantial in data on height. Conclusions: Bias in age was thought to be mainly responsible for the inconsistencies in the measures of malnutrition in the different child nutrition surveys in Bangladesh. A method for accurately collecting age data needs to be developed on the basis of a study in a demographic surveillance area where accurate age data are available. Until such a method is fully developed, midupper arm circumference should be routinely collected in all nutrition surveys. The importance of accuracy in weight and height data is emphasized.
INTRODUCTION
Protein-energy malnutrition in young children is a major problem in many developing countries, including Bangladesh. To counter malnutrition in a population, it is important to know its incidence, trends, and differentials. The nutritional status of an individual or of a population can be assessed with clinical, biochemical, and anthropometric measures. Of these, anthropometry has the advantage because it is easy to perform and requires simple apparatus.
Many anthropometric indexes are defined in the literature and are considered to be indicators of the nutritional status of children. Currently, the most widely used anthropometric indexes are weight-for-age (WFA), height-for-age (HFA), and weightfor-height (WFH), expressed as z scores. The WFA z score is defined as
where w s is the weight of the study child and w a is the weight of the reference child at age a, which noticeably increases with age, and a is the SD of the weight of the reference children at age a, which does not noticeably increase with age (1) . HFA and WFH are defined similarly. In the reference population, z has a mean of 0 and an SD of 1. The distributions of z for WFA, HFA, and WFH are close to the standardized Gaussian (normal) distribution, which has a mean of 0 and an SD of 1. The standardized Gaussian distribution has many important properties. Its proportion below a certain cutoff point or between 2 points can be easily obtained from tables provided in many statistics texts (2) . The proportions below Ϫ2 z and Ϫ3 z scores are Ϸ2.3% and 0.1%, respectively. The proportion of children below a cutoff point in a population can, therefore, be compared with the expected proportion in the reference population. Midupper arm circumference (MUAC) is also a good indicator of the nutritional status of children and is used widely (3) (4) (5) . MUAC barely increases (Ϸ0.3 cm/y) between 12 and 71 mo of age and is thus advantageous for use in developing countries, where accurate age data are rarely available.
The periodic nutrition surveys conducted by the Bangladesh Bureau of Statistics (BBS) since 1985 collected weight, height, and age data on Ϸ3000 children aged 6-71 mo from a nationally representative sample. MUAC measurements were also taken for the age group of 12-71 mo. Data on socioeconomic status (SES), Am J Clin Nutr 1998;68:1267-71. Printed in USA. © 1998 American Society for Clinical Nutrition Inconsistencies in the findings of child nutrition surveys in Bangladesh 1-3 such as mothers' education and family income, and on health care facilities were also collected in the surveys. Anthropometric indexes of WFA, HFA, and WFH were created by using data from the National Center for Health Statistics (6) and the results are presented as a percentage of reference children, according to different cutoff points, and also on the basis of z scores. MUAC is not compared with any international standard and is presented as < 12.5 cm, 12.5-13.5 cm, etc. The results of the 1995-1996 survey are compared with the results of 3 previous surveys in Table  1 . The annual decline in malnutrition determined on the basis of WFA and HFA from 1985 to 1992 was Ϸ0.5%. But from 1992 to 1995-1996, the annual decline was Ϸ4%. Although there has been some improvement in SES and in health care facilities in Bangladesh in recent years (7) , such a large drop in the incidence of malnutrition between 1992 and 1995-1996 seems implausible and raises the question of whether the decline was real or could be attributed to inaccuracies in anthropometric and age data.
The effects of errors in weight and height on the accuracy of malnutrition determinations are obvious from equation 1 because such errors will affect w s directly. Errors in age data affect the value of an index indirectly through the value in the reference population. An overestimate of age will result in a higher-than-actual w a value and will underestimate the z score. Similarly, an underestimate of age will overestimate the z score. Bairagi (8) showed that not only does bias in weight, height, MUAC, and age cause an error in the estimate of malnutrition, but random error in these variables can bias the estimate. Bairagi also gave the amount of error in the estimation of malnutrition for different levels of systematic (bias) and random error in these variables and age by simulation. He showed that a bias of 1 mo in age can lead to an underestimate or overestimate (depending on positive or negative bias) of malnutrition determined on the basis of WFA and HFA of 5% in a population of 3-y-old children. In this article, the problems caused by errors in age and anthropometric data from a 1995-1996 child nutrition survey in Bangladesh are presented and discussed in relation to data from surveys conducted in 1985-1986, 1989-1990, and 1992 .
DATA AND METHODS
The regular BBS staff had collected age and anthropometric data for the 3 surveys (1985) (1986) (1989) (1990) , and 1992) conducted before the 1995-1996 survey. Age and anthropometric data for the 1995-1996 survey were collected by locally recruited temporary workers rather than by BBS staff. The BBS staff had been trained in the use of anthropometric scales and in how to collect age data and were much more experienced than the temporary workers employed to collect data for the 1995-1996 survey. Temporary workers had been used previously to collect data for the vital registration system of the BBS and the Bangladesh Family Planning Program and the strategy was found to be cost-effective.
Several teams were formed to collect data. Each team comprised a supervisor from the regional office (previous district office) of the BBS and 2 locally recruited workers. The supervisor was primarily responsible for providing scales and other materials to the workers. The BBS supervisor was less experienced than a regular staff member of the BBS office in Dhaka. The teams were trained in the collection of anthropometric and age data for 2 d by regular staff members of the BBS office in Dhaka. Scales (Salter, CMS Ltd, London) were used for measuring weights and tapes (Zarfas, supplied by UNICEF, Dhaka, Bangladesh) were used for measuring MUAC. Equipment for measuring length and height was made locally from models supplied by UNICEF. Length was measured in children aged < 2 y and height was measured in children aged ≥ 2 y.
The BBS also arranged a postenumeration check (PEC), in which anthropometric and age data were collected independently by regular BBS staff from 100 randomly selected children included in the survey from 9 of the 49 clusters in the national survey. However, 4 of these 100 children were not available at the time of the PEC (and they were not replaced by other children) and the weight of 1 child was not recorded at the survey. Therefore, complete data for HFA, WFA, and WFH were available for only 95 children. Because MUAC measurements were collected only for the 12-71-mo age group, and not for the 6-11-mo age group, complete MUAC data were available for only 67 children. Within a cluster for the PEC, the regular BBS staff were not local, as were the locally recruited survey staff. The PEC began within 1 wk after the completion of the survey and it was completed in < 3 wk. The dates of data collection during the survey and during the PEC were recorded for each child. Minimum, maximum, and median intervals between the date of collection in the survey and the PEC were 4, 18, and 9 d, respectively.
To estimate systematic and random errors in age and anthropometric measures and the effects of these errors on measures of malnutrition determined on the basis of different indexes, the actual data obtained during the PEC were considered to be "observed" and the data that should have been obtained during the PEC were considered to be "expected." Expected weight, height, MUAC, and age of each of the children during the PEC were calculated with the assumption that the anthropometric and age data collected in the 1995-1996 survey were accurate. This assumption was essential and reasonable for estimating errors in anthropometric variables and age and for estimating malnutrition during the survey and the PEC. The expected age of a child during the PEC was his or her age on the survey date plus the time difference between the survey and PEC dates for the child. For example, if a child was reported as 36 mo in the survey and the PEC was made after 15 d (0.5 mo) from the date of the survey, the expected age should be 36.5 mo. The expected weight of a child at the time of the PEC was his or her observed weight on the survey date plus the expected gain in weight between the survey date and the PEC date. The following second-degree polynomial regression equations, which represent monthly weight and height gains reasonably well for the age group 6-71 mo for both developed and developing countries, were used to calculate expected gains in weight and height (8; Table 1 ): The monthly gain in MUAC for the age group 12-71 mo was assumed to be 0.022 cm (8) .
In this paper, the subscripts "o" and "e" indicate observed and expected values, respectively, for the PEC. For example, A o and A e are observed and expected age, W o FA o is the WFA on the basis of observed weight and observed age, and W o FA e is WFA on the basis of observed weight and the expected age. If there is no error in a variable, the observed and the expected values of the variable will be exactly the same, and the level of malnutrition determined by using observed and expected values of the variable will also be the same.
The mean of the differences in the observed and expected values of a variable in the PEC data was considered a measure of the bias of the variable between the survey and the PEC, whereas the variance of the differences is an estimate of 2 ⑀ 2 , where ⑀ 2 is the variance of random error (9) . Because data were collected from the same children during the survey and the PEC, the observations were correlated. Therefore, the paired t test or McNemar's chi-square test (2) , which are used for correlated variables, were used for the statistical tests between the survey and the PEC data. For a 2 ϫ 2 contingency table, McNemar's chi-square test is the square of the absolute difference of the frequencies of the discordant cells divided by the sum of the frequencies of these 2 cells. If the frequency of any cell is < 5, then 1 is subtracted from the absolute difference before squaring. SPSS/PC (SPSS Inc, Chicago) was used for the statistical analyses.
RESULTS
The results of the 2 sets of data for the 95 matched cases (67 for MUAC) and for the full sample from the 1995-1996 survey are shown in Table 2 . The results in Tables 1 and 2 raise the following possibilities: 1) height data were underestimated in the PEC or overestimated in the survey, 2) weight data were underestimated in the PEC or overestimated in the survey, 3) age estimated in the PEC was higher than its estimate in the survey, and 4) MUAC was underestimated in the PEC or overestimated in the survey. Whereas possibility 3 alone may have been responsible for the difference in malnutrition based on WFA or HFA between the survey and the PEC, possibilities 1 and 2 must have both been true because the incidence of malnutrition by both measures was found to be higher during the PEC.
The possibility that both weight and height were underestimated in the PEC, as noted in possibilities 1 and 2, was unlikely, but not impossible. To check this point statistically, expected weight, height, MUAC, and age at the time of the PEC were computed and compared with the observed values of these variables at the time of the PEC. The procedure used to calculate expected values was described in the Data and methods section. The difference between observed and expected age, height, weight, and MUAC was examined first by box plots (10) . Systematic errors (bias) were apparent in age difference only. However, observed and estimated ages, weights, heights, and MUACs at the PEC were compared with the paired t test. The null hypothesis was that there was no difference between the observed and the expected values.
The results of the comparison are given in Table 3 . The average difference between observed and expected weights was not significant (P > 0.50). Thus it can be assumed that weight data were reasonably good and free from bias. Height data were also free from bias (P > 0.50). The bias in MUAC was found to be nonsignificant at the 5% level but significant at the 10% level of significance, ie, 0.05 < P < 0.10. Bias in age data was highly significant (P < 0.01). The estimate of age at the time of the PEC was relatively higher than its estimate in the survey.
The results in Table 3 indicate that the difference in the estimates of malnutrition based on WFAs and HFAs from the survey and the PEC were mainly due to misreporting of the childrens' ages and not to any systematic error in weights or heights. However, note that not only the bias but also the random error in the measurement can cause problems with the estimate of malnutrition, although its effects on the estimate of malnutrition will be small compared with the effect of any bias in the variable (8) . Nevertheless, to check whether any error, random or systematic, in weight, height, MUAC, and age data was responsible for the difference in the estimates of malnutrition between the survey and the PEC, indexes based on observed and expected anthropometric and age data were created and compared.
Results of malnutrition determinations in the PEC on the basis of height, weight, and age are shown in Table 4 . For A, observed height at the time of the PEC was used, but age was allowed to vary as observed and expected. The difference, if any, in the measure of malnutrition was due to error in reported age because age was allowed to vary, height was not. The difference was significant (P < 0.01). This finding suggests that the difference in malnutrition determined on the basis of HFA between the survey and the PEC was due to errors in age data. For B, age was not allowed to vary, but height was. The results suggest that error (systematic and random error) in height may have been partly responsible for the difference in HFA between the survey and the PEC (0.05 < P < 0.10). For C, age was allowed to vary, but weight was not. The difference was significant (P < 0.025). The results indicate that the difference in malnutrition determined on the basis of WFA between the survey and the PEC was due to error in reported age. However, for D, weight was allowed to vary, but age was not. The difference was nonsignificant (P > 0.25). The results suggest that the difference in malnutrition determined on the basis of WFA between the survey and the PEC was not due to any error in weight. For E, the finding suggests that errors in weight and height did not result in any significant difference in the estimate of malnutrition between the survey and the PEC. On the other hand, the finding for F implies that the error in MUAC data may have been responsible, to some extent, for the difference in the estimates of malnutrition between the survey and the PEC.
DISCUSSION
The main objective of this study was to identify the reasons for the inconsistencies in the results of the Bangladesh nutrition surveys, particularly the unusual decline in malnutrition determined on the basis of WFA and HFA during 1992 and 1995-1996 and between the survey of 1995-1996 and its PEC. The results of this study suggest that there was significant bias in age data, but not in weight and height data, in the 1995-1996 survey, in the PEC, or in both. The bias in age data was mainly responsible for the difference in malnutrition determined on the basis of WFA and HFA between the survey and the PEC.
In this study, the bias in weight and height was negligible. This does not mean that the accuracy of these variables is guaranteed. It only suggests that the inconsistencies in the Bangladesh nutrition surveys were not due to the bias in these variables. Certainly, good scales should be used and appropriate training of those responsible for data collection is essential. Random error in height data in this study was very high. In fact, the height at the time of the PEC for 6 children was found to be less than the height in the survey. This, of course, was impossible and resulted from measurement error in the survey, in the PEC, or in both. This high random error was responsible for the difference in malnutrition determined on the basis of HFA between the survey and the PEC at the 10% level of significance, despite negligible bias in this variable (Table 4, B) .
Although there are several possible reasons why the age data in the PEC should have been more accurate than the age data in the survey (eg, BBS staff had more experience and more training), we are not sure that this was the case. We conclude that if age was overestimated in the survey, the overestimation was greater in the PEC data. Alternatively, if age was underestimated in the survey, the underestimate was less in the PEC data. It is highly likely that the underestimate in age data in the 1995-1996 survey, compared with the estimate in the previous surveys, was responsible for the unusual decline in malnutrition reflected in the 1995-1996 survey. An estimated bias in age of 1.8 mo in this study resulted in a bias of 7% in the estimate of malnutrition (8) . If this adjustment is made, the percentage of malnutrition determined on the basis of HFA would be 57.1% and that determined on the basis of WFA would be 62.4% in the 1995-1996 survey. These estimates seem plausible and agree with the results of the previous surveys.
Several factors may explain why age reporting is a problem in Bangladesh and in many developing countries. In Bangladesh, birth records are rarely maintained and the annual observation or celebration of the birthday of a child is also rare. When the date of birth is needed for admission of a child to school (until a few years ago, > 50% of children did not attend school), a teacher usually records the date of birth on the basis of his or her own guess rather than the child's actual date of birth.
Unfortunately, the importance of accurate age data in the estimation and surveillance of malnutrition has not received sufficient attention from nutritionists and nutrition planners. The pro- 1 HFA, height-for-age; WFA, weight-for-age; WFH, weight-for-height. A: 2 = 9.9 (P < 0.005); B: 2 = 2.72 (0.05 < P < 0.10); C: 2 = 6.125 (P < 0.025); D: 2 = 0.80 (P > 0.250); E: 2 = 0.44 (P > 0.500); and F: 2 = 3.125 (0.05 < P < 0.10), all by McNemar's test. cedure for age data collection and the importance of its quality are rarely mentioned in reports on child nutrition surveys that are based on anthropometric data. On the other hand, bias and random error were present in reported age data for children in Bangladesh and other developing countries (11) (12) (13) . The accuracy of age data is not only critical for anthropometric investigation of nutritional status of children, it is also important for demographic estimation and projection. Note that the most important drawback of the 1991 Bangladesh Population Census was the presence of error in age data for children aged < 5 y (14) .
Although accurate age data are important in the investigation of nutritional status in young children, there is no assurance that bias can be avoided by every interviewer, despite the quality of their training. In an experimental study of the method of age data collection using local and historic events, it was found that different workers produced different types of bias. Bias was also found to be related to mother's education and the nutritional status of a child, with the age of a well-nourished child generally being overestimated and of that of a malnourished child being underestimated (15) . This relation between nutritional status and age misreporting has created a serious problem in the screening of malnourished children on the basis of WFA or HFA (16) .
The results of this study draw attention to the need for the development of an accurate method of age data collection. This method could be developed through experimental studies in a demographic surveillance area such as Matlab, where accurate age data of children are available. Different approaches, such as the forward (beginning from the age of the oldest brother or sister to the youngest one) or backward method, association or lack of association with the date of important local events, or comparison of the age of a child with that of a neighbor, may help improve the quality of age data. For nutritional surveillance, the standardization of the procedure for age data collection is very important. If there is a bias in the age data, and if the bias remains the same over the period of collection, it will not affect the change in nutritional status over time or between areas. However, it will affect the estimate of the level of malnutrition.
Until such a method of accurate age data collection is developed, MUAC measurements should be routinely included as part of child nutrition surveys. MUAC is highly correlated with WFA. Its mortality-predicting power is not inferior to WFA or HFA (3) (4) (5) and it is a good substitute for WFA in the absence of reliable age data. However, estimation of malnutrition by MUAC measurements is also sensitive to bias. Some bias was observed in MUAC measurements in this study. Training for data collection should be standardized and a good measuring tape should be used. The bias should not be allowed to be > 0.1 cm. MUAC was not totally age independent, even for the age group 12-71 mo. However, its increase with age between 12 and 71 mo was small and, therefore, it was less sensitive to age error in this age group. Nevertheless, the use of MUAC-for-age is better than the use of MUAC alone. It is important for the international scientific community to have an acceptable standard and a z score for MUAC.
It is fortunate that MUAC data were collected in the 4 nutrition surveys conducted by the BBS. Malnutrition, as determined on the basis of MUAC, decreased in the country from 1982 to 1995-1996. This decline in malnutrition was reassuring; however, the estimate of malnutrition made on the basis of HFA and WFA was not as reassuring. The Bangladesh Demographic and Health Survey of 1996-1997 collected weight and height data, but not MUAC data (17) . If the change in nutritional status is assessed in the next survey, the level of bias in age during the new survey should be of the same magnitude and direction as in the previous survey. More accurate age data in the next survey may give distorted information about the change in nutritional status in Bangladesh. However, it is unlikely that the bias will remain the same in the next survey, even if the same type of workers are employed, because the mothers' awareness over time about the importance of reporting accurate age data for their children (who are expected to be more educated during the next survey) is likely to improve. It is most important to obtain accurate age data for children in a nutrition survey.
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